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ABSTRACT

To make efficient application of the endotoxin proteins for biocontrol of mosquito vectors
of diseases in Thailand we attempted to identify mosquito-larvicidal endotoxin genes of
B.ti. by molecular cloning of the DNA fragments in E. coli. Two genes encoding ~130 kd
proteins, each highly toxic to Aedes aegypti larvae were oblained. The complete
nucleotide sequence of one gene revealed a regulatory sequence and the structural gene
encoding 1136 amino acids. By deletion analysis of the gene, the toxic moiety of the 130
kd was located within a peptide of approximately 70 kd. Introduction of the 130 kd gene
into a local isolate of photobacteria and Agmenellum quadruplicalum PR-6 to construct
an organism that reproduces and persists in the environment where mosquito larvae
breed, or that grows well in a tropical condition is being carried out.

INTRODUCTION

Bacillus  thuringiensis var. israelensis (B.t.i.) produces parasporal crystal proteins,
delta-endotoxin, which are specifically toxic to mosquito and blackfly larvae (Goldberg and
Margalit, 1977). The toxin consists of several protein components with those of 130 kDa, 65 kDa
and 25-28 kDa predominating (Chesterkhina et al., 1985), each of which had been shown to exhibit
mosquito-lar- vicidal activity (Ward et al.,1984; Hurley et al., 1985; Wu and Chang, 1985).
Identification of genes encoding the delta-endotoxin should permit genetic engineering of the
genes for biocontrol of mosquitoes. Genes encoding 28 kDa toxin (Ward et al,, 1984; Waalwijk et
al., 1985), 72 kDa (Thome et al., 1986) and 130 kDa (Bourgouin et al., 1986; Angsuthanasombat et
al., 1987) have been identified by molecular cloning in E. coli. In this communication we report
attempts on genetic-en- gineering of 130 kDa delta-endotoxin gene for biocontrol of mosquitoes.

Molecular cloning of B.t.i. kDa delta-endotoxIn gene In E. coli

B.ti. 110 kb plasmid was fragmented with Xbal and ligated to pUC12 vector. Screening of
800 recombinants with endotoxin-mRNA-enriched RNA yielded 32 E. coli clones, 17 of which
gave positive immunoreactivity with antiserum to the whole B.%.i. toxin. E. coli clones which killed
A. aegypti larvae had restriction endonuclease maps as shown in Figure 1. Two (pMU14 and
pMU388) contained identical 3.8 kb B.7.i. DNA inserts in opposite orientation. The products from
clones pMU 14, pMU90 and pMU388 were analysed by Western blot (Burnette, 1981) as shown in
Figure 2, where a major protein was 130 kDa. By phase-contrast microscopy, E. coli containing
pMU388 showed a small bright particle which could be extracted to yield 130 kDa protein in
SDS-PAGE. The solubilized protein was toxic to 4. aegypti larvae wilh LCy, of 200 ng/ml.
Another clone (pMUS500-1) produced endotoxin slightly smaller than 130 kDa which also killed A.
aegypti larvae.
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Fig. 1. Restriction endonuclease maps of pMU 388, pMU 14, pMU9%0 and pMUS500-1. The maps were constructed
from known pUC12 and resiriction patterns of the recombinants. The thin line represents pUC12 and the thick
line the DNA insert Solid arrow represents transcriptional direction of pUC12 promotor, and dashed arrow
indicates transcriptionat direction of the insert. Pv, H, P, X, E: Pvull, HindIll, Pstl, Xbal and EcoR [ respectively.
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Fig. 2. Autoradiograms of Western blot analysis of the protein extracts from E. coli clones containing pMU14,
pMU%0, pMU360, pMU388 and pUC12. The extracts were subjected to SDS-PAGE (10%), transferred onto
nitrocellulose paper, probed with rabbit anti-B.1.i, crystal proteins serum, and subsequently '*I-Protein-A. ()
indicates induction with I mM IPTG; (s) is solubilized B.1.i. crystal proteins.



Fig. 3. DNA sequence of 130 kDa endotoxin gene. DNA sequence was determined by the chain termination method (11) following subcloning into M13 mp18/19

5' AATTCTTCATACCAATCCETATCAATTTTTTCAAGCAATA TGTA"TGCACTTTTCCTCITTTTMATL‘CTATCN\T‘l’EA.Q.MTACWTATATCMTCTTTmACAéEkCMGAHC!ATﬁCMYGTCMT.\TcmuTAMT

ATCART TCACCCTATCCCTTACCOAATCAL TTACAACEL T CAATCAAAANCACCARETATAAACATTCCUTAGCCATE YL TCAAAATAACCAALACTATCCCC I TAATCCAECTECGATTAATTCTTCTTCACTTACTACCCCTTTAAAA
m NS €Y P L ANDLA@C I HKNSKETHM»YKDUVLAMCENEIG G QYGCVY NP A AIKRKSSSVYSTALOC
CTACCTUCACCTATCCTTAAAT T TETAAACCCACCTCCACCTACTCTCTTAACCETASTTACCECCOTGCTTCCTATTCTTTCACLCACTAATACTCCAACCCCTEARAGACTTTGCAATCATTTCATCACCAATACACCCAATCTTATT
¥ & € a4 I L K F ¥V N ¥ M a & T ¥ L T Vv L 5 a ¥ L & 1 L ¥ P T NT TP E R Y ¥ XN D F aTHNTY G LI
CATCAAACTETAACACCT TATETAC CAACACA TCCAAA T L A AT AL C T T TCARAC AT TATT TACAT CAATATACAA CTAAA T TAACAC T T CCARAAGACAGCE TAATAACCACTECTATAGAACACCACTAATAACTCAATTT
P g T V¥ T AT VY R T DA N A KHMNT V¥ V E DY L B QY TTKTFNTWLKTRTETPNNKGSYIIET AVY I TaEaczY
AACTTAACCACT G L AM CTTCRAGAGACCL AT T AT T TTAGCAAC T TAG TAC G T TATCAAT ZAT TS TTAT TACCAATATALGEACAACTACCAAATT TCAATTTACT I TTAATAAGACATECECTCATAAATCCACAACAATCCTEY
N L T 5 4 &k L B E T £.¥ ¥ r s N L ¥V ¢ Y £ L L L L P11 Y A Q@ VY a ¥ F N L L L I .I D & L I R 4 @ 3 ¥ 3
TTAGCACCTACTCCTCCTCACCAACTATATAACACTATGCTCCACTACAETAAAGAATATATTGCAtLTACCATTACATCCTATAATNAKCCTTTACATCT;CTTACAAA?AAATC?AA?GCACAATGGATTACETTTAATCLTT&TAAA
L Ak S5 kE C P & L Y NTH V g ¥ T KZEVY I 48 S I T W Y ¥ K G LD VY L X X K S KC @ ¥ 131 T 7 MDY B

A A A AT CACTA T TeAACTATTAGATATACTCECTCTTTTIGCCAGTTATCATCCACCTCCATACCLTCCLCACAAMATAGATAATACCAAACTATCAAAAACACAATTTACAACAGACATTTATACACCTTTACTACLATCTCCTTCT
L kg m T @ Y L P L A& L F A S Y D P RRY P AP K1 D AN T ETLSKEKETTETPFTDHRETET 1 YT ALY T S5 » 5
AL TAAATCTATACCACCACTECAGL L AGCACTTACACCAGATCTTCAT T TAT T CAC T TC T AAACAC AL TACAT T TCTCCACCAATACTATATA T CAACAT T ALGATTTTTATCTGLCAA TARAATTCECTTTTCATATACAAATICT
$ K 5 1 4 a4 L T A A L T ZX P VY H L F T L KB VY DTF ¥ T NMT 1 Y ab L RPF L S 4 ¥ X 1 & F S Y TN 3
1CTCCAATCCAAGAAACTCGkATTTATGEAACTTCTGGTTTTCCTTCAAATCTTACTCATCAAATTCA+CTT&ATTE1AATG77TATAAAACTTCTA?CACACATACTAGCTECCCCTCTAATCCACTTACLAAAATCCATTTCTACAAA
5 A B Q@I S G I Y€ 5 » « F C 3 N LT MK QI €L NS N VY Y KT STITDPT S S P S M R ¥ YK B DPFPYK
ATTCATGC!ACTCTTCCC?CTIA?AATTEAAATATAACACCAACTCCTCAACCTT?AACGACCACATTTTTTCGATTTTCAACAAATGAG&ACACACCTAATCAACEAACTCTAAATGATTATACG:ATATTTTAACCTATATAAAAACT
I P & T L A S Y N S ¥ I T T FPF X C11LRTTUPFT¥TCT S TNKGEHWNT®PMNGQTPTOUY KDBDYTHNI1L15 7T I KT
AT T T AT ACAT T ATAAC AL T AR CAGCE TT T C AT T T O T T LG ACACA TAACAT TCT T CACCCTAA TAATCAAATATACACACATCCTATCACACAACTTCCCLCCOTAAAATCTAACTTCTTEAL TCCARCACCTAACTAATCAAGECA
D ¥ I D Y W s ¥ R Y 5 7 A W .T H K 1 ¥ PP ¥ W Q@1 ¥ T B a |l T Q@ V P a v E S NUPILPM AT ACEKUY 1 E G
CCT G T CATACAGCE LG AT TAG T T T CTTACAA G CAATCCTAC TCTAT CACGCACAATCCACAT TCAATCTANAACAACTAT T TTTAATCATCCTACAACAACTTACCCATTASCCATACCTTATCCTCCAAATACTCCAATICTA
P € B T & € P L V¥V A L T s I” ¢ T L S & KM ¥ 1 @ C X T s 1 F NP F TR S T &L R 1 R Y A A M S P L1V
TTCAATCTATCATATCTATTACAACCACT T TCTAGACCAACAACCAT TACTACACAATCTACC TT T TCAAGACTTAATAATATAATACCTACACATT TAAAATATCAACACTTTACATACAAACATCCTITTTCATSCAATTSTACCCATE
L @ ¥ 3 ¥ ¥ L Q@ L ¥V 5.8 ¢.T T 1 5 T kK S T ¥ S NP NN 121 P T D -LA K Y ¥ z r L Y X p P F D A I ¥V PN
ACATTATCTICTAATCAALTUATAACTATAGCTATTCAACCATTAAACATCACTTCAAATAATCAAGTEAT TAT TEACALAATCCAAATTATTCCAATCALTCAATCTCTATTACATCACACALAGAACCAAAATTTACAATCAGAACCA
R L S & ®» @ L 1 T Al @ PLNNKT 5 ¥ ¥ @ v1 1 Db EKE 1 £ 1] I P I T Q@ S5 Y L DR TR NGNLGESTER
CAACTTETCAAT ECACTCTT TACAAATGACCCEAAAGATCCATTARACATTCLAACGACALATTATCALATACATCAACCCECAAATCTICTUCAATETATTTCTCAACAATTATATCOAALACALALAATCCTCTTATTACATCALCTT
£ ¥y v N AL F T KDAINLDBP A LNIGEG T T ? ¥ D 1 P 4 A4 A N L ¥ £ ¢ 11 5 EBR L Y P K X ® L L L DTE Y
AAAAATCCGAAACAAETTACTCAATCTCCAAATGTACTTCAAAACCGCCATTTTCAATCCCCTACCCTTGCTTGCACAACAAC?CA?AATA?CACAATTEAACAACATEATCCTATTTTTAAAGCCCATTACETTCATATCfCTCCEGCG
K M4 A4 K @ L §$ & § B M ¥ L O ¥ C O ¥ E S 4 T L ¢ ¥ T T s DN J T ) Q x b D P I F K € M Y L B R 5 G A
ACACACATICATECTACCATAT T I CCaACTTATATAT T CCAAMMAATTCATCAAT CAAAA TTAAAACCOTATACACET Y ACCTAGTAACCCCATTTETACCAACTACTARACATCTACAACTASTCCTTTCACCCTATCLCCAACAMATT
. » I P& TI1 ¥ P TY ! F QK 1 DX S ¥ LKUPYTOHRY LV 2CGC ¥V LSS KDV T LY YV S REY S CE BB
GATCCCATCATGAAT T T L AGCTEATT TAAACTATCTCTATCCT T CYACCT T TCAT T E T AACLETCTAATCCT TCTEACACC TCCOLTLTCCCGOCTAACATTCCCAACACT TETEATATE T TETATICATLCCAATATGATALACEC
D A L m N V¥ P & D LMY L Y P 3 TP DCOETGCS N ECE Y S AV P &4 H I CNTSODAHNLYSC®S®Y DTS
ARAAACCATCTCCTATCTCACCATTECCATCAATTTAGTTTCACTATTCATACAGGECCAT TACATACAMATCAAAATATACCCETTTGEETCATGTTTAAMATATCTTCTCCAGATCGATACGCATCATTAGATAATTTAGAAGTAATT
i X B v vY C Q0P 'S H Q F 3 F T 1 DT C &4 L DPT NTETNITI & V¥ W ¥ 1 F X 1 5% S5 PO C Y a s LD N LEVI
GAACAACGECCAATACATCC:GAAGCACTCYDACGCGTCAAACACATGCAcAACAAATCCAACGATCAAATCGAAGCAAAAC:TTCLCAAACACAACAAGCA!A!GATGTACCEAAACAAGCCAf!GATCCTTTATTCACAAATGTACAA
e E & P I D C £ a4 L 5 K ¥ ¥k HmEL KX V¥ N D ad X a X X 5 KT @ QG & Y P2 VvV A X & 4 1 02 a2 L F T N Y Q
GATCAGEC T TACACT Y TCATACCACACTEE LT CAAA T TEAGTACECTCAGTA T TTECTALALTCUATTCCATATGCTCTACAAYCATICCTTETCAGATCTTCCACCTATCAATTATCATATCTATCTACACTTCCATCCACCACTCCCA
D8 A 1L @ r‘ D T T L A @ ! &@ Y 4 2 YL VY @3 I FPYT V¥V Y NOD ¥ LSS P VY FE&n NY DI Y Y T L D & R Y 4
CAAGLCCCTTATT TS TATCATACAAGAAATATTATTAAAAATCCTCAT T T ACACAACCECTAATELCETGLCATCTAACTCCAAATECACACCTACAACAAATACATCLTCTTTCTC TATTCCTTCTATCTAATTCCACTECTACLCTA
@ A R Y L Y DT ® NI I K NCD PTG & ¥ M C ¥ H Y T CN AP VY & 011 DC V¥ 3 ¥ L VLS N V¥ 5 & GV
TCTCAAMATCTCCATCTCCAACATAATCATCCOTAT CTETTACCTOTTAT TOCCAAAMMAGAAGGACCTCOAAATGECTATETCACELTTATGCATTCICALGACAATCAACARALAT TCACCTTTACETCTTCTCAACAACGATATATT
35 @ N v H L @ K N h & ¥ ¥V L R ¥ I A K K R & P C X G Y V¥V T LA DCEZXT G EEKELT 7T SCETEBGSTYI
ACCAACACAGTACATCTATTCCCACATACAGATCGTUTACCAATTCACATACCECARACCCAACCTTLCT T TATATCCAAACCATTCAATTAATTTCCATCAACCACTCATTAATAAMAAATAACT AAACCTITAALLACCATRCACAS
T X T Y D VYV ¢ P P TODER VY R 1 E1 € KT EGC S TF Y I E S 1L E L1 C NN X
AGT!E;gIKIAIGQIIIIIAA?TTCTGCA!TTATTAATTCTCCTACAAAAAATA?ATACAAAACATAAAAAATAGATATCTACA 3

130

o0

€00

1%0

$20

1es0

1200

1350

1950

1g0

1250

2400

2550

2700

2830

000

a1se

1300

2450

3600

vectors, with appropriate fragmentations and deletions. Analysis of the sequence used the DNASIS Program from Hitachi Software Engineering Co, Ltd.
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TABLEI
Summary of deleted delta-endotoxin gene
Clones DNA Major protein
harbouring fragmenls product™ Toxicity'®
plasmids (kb) (kDa) Antigenicity®™”  (LDsg:cellfml)
pMU 388 3.68 (1-3648) 130 115 105 3.2x10°
9 70
NBal 14 3,48 (203-3648) 130 115 105 + 8.0x 10°
9% 70
PvX 1 2.31(263-2572) 90 170 + 4.2x 10°
NRal 55 3.40(286-3583) 130 115 105 + >10°
%0 70
NBal 20 1.50 (x-3648) 50 + -
Cla2 3.06 (1-3067) 105 82 72 + 7.5% 10°
AccB 49 2.47 (1-2472) 90 70 + 3.8 x 10°
CBal 151 2.18 (1-2181) 10 + 7.8 % 10°
CBal 112 1.99 (1-1994) ND - >10°
Bal 24 1.86 (1-1862) 589 - -
pUC 12 0 - - -
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Restriction endonuclease analysis clearly distinguished the insert of pMUS00-1 from that of
pMU388 or pMU14. The resulis demonstrated presence of two closely related endotoxin genes in
B.ti.

The complete nucleotide sequence of a 130 kDa gene

The DNA sequence of pM1J388 was determined by the chain termination method (Sanger et al,,
1977) and shown in Figure 3, The 3648 (base pair) sequence consisted of 150 bp 5’-non-transiating,
126 bp 3’-region and 3408 bp coding sequence. The deduced 1136 amino acids had molecular mass
of 127,863 Da, slightly smaller than that estimated by SDS-PAGE. The 5'-non-translating region
contained SD-sequence at the bases 139%-144®, The 3'-end contained a loop-stem of 18 bp starting
from 3583 bp which was probably a strong transcription terminator.

Identification of the toxic part of the gene

To determine if atl 1136 amino acids are essential for mosquito larvicidal activity we constructed
truncated 130 kDa genes by deletions of the 5'- and 3’ ends, analysed the loxin product by Western
blot and tested the toxicity, as summarized in Table I. A maximum of 39 amino acids could be
deleted from the NH,-terminal without a significant loss of the toxicity. Further deletion of 7 more
amino acids, however, gave non-toxic protein. As many as 459 amino acids could be removed from
the carboxylic end without 2 significant loss of the toxicity. The deletion analysis located the toxic
portion of the gene between the amino acids 39" and 677™ The analysis also revealed that the
immuno-reactivity portion of lhe toxin resided in the carboxy terminal half since the clone containing
the amino acids 1-560 was not immunogenic, but that containing 561-1136 was as immunogenic
as the complete 1136 amino acid toxin.

Constructlon of photobacteria containing the 130 kDa gene

Photobacteria are commonly found where mosquito larvae breed in tropical regions and thus
constitute a potential biocontrol of the larvae. A. quadruplicatum PR-6, a well-studied photobac-
terium (Stevens and Porter, 1980) was employed to uptake the 130 kDa endotoxin gene. As
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Fig. 4, Restriction endonuclease map of pAQER1. Thin line reprsents map of pAQE19 vector. Thick line
represents 3.8 Kb endotoxin gene. Dashed arrow is transcriptional direction of the endotoxin gene.
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Fig. 5. Southern blot analysis of existence of 130 kDa gene in transformed A. quadruplicatum PR-6, Plasmids
were extracled, cut with Psil or Xbal, separated on agarose gel, transferred onto nitrocellulose and subsequently
hybridized with 32P-labelled 130 kDa gene. (A) Ethidium bromide staining patterns; (B) autoradiographic
patterns of (A) E-AQEB is plasmid pAQEB1 cxiracted from E. coli. Pr-6 is (he indiginous plasmid of A.
quadruplicatumPR-6. P-AQEB is plasmid exiracted from the transformant. P-AQEB-Pst and P-AQEB-Xba are
P-AQEB plasmids cut with Psil and Xbal respectively. E-AQEB-Pst is E-AQEB cut with Psil.

diagrammed in Figure 4, the gene was ligated to pAQE19 vector at the BamH 1/Sall site to construct
PAQEBI. The recombinant was introduced into the A. quadruplicatum PR-6 and selected on
kanamycin medinm. 1.5 x 10%/pg transformation efficiency was obtained. Analysis of plasmids by
Southern blot demonstrated presence of 130 kDa gene as shown in Figure 5. However, the
transformants were not toxic to A. aegypfi larvae, and did not produce the 130-kDa protein when
probed by the Westem blot analysis. The intact pAQEB1 could be rescued from the transformed A.
quadruplicatumPR-6, indicating its extrachromosomal presence. The results demonsirate a success-
ful construction of a pholobacterium containing the 130 kDa gene, By inserting the 130 kDa gene
under the control of a strong promotor it should be possible to construct the photobacteria to produce
the endotoxin and kill mosquito larvae,
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